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KTngvrrmrTagTg n y MEJHTGWTWF: 
PSIMG A I»rmn gnm aCE OF SDTJTIR 

BACKGROUND OF THE INVENTION 

Methionine is an essential amino acid in the diet of animals and is used 
widely as a food and feed supplement, it is conventionally produced by 
various multi-step c h e m i c al syntheses which generally employ acrolein, 
methyl mercaptan, and cyanide as starting materials. (H.H. Szmant, "Organic 
Building Blocks of the Chemical Industry," page 182, John Wiley & Sons, New 
York, 1989.) There are two resulting product forms: D,3>methionine and its 
hydroxy analog, unlike all other amino acids, D-methionine is converted to 
the required Inform in vivo . As a result, rhCTri«-*i syntheses, which 
typically result in the D,L mixture, are feasible and cost-effective in this 
case. 

However, fermentation production methods, which are common methods for 
making many low-cost amino acids, do not exist in the case of methionine. 
(K. Aida, I. Qiibata, K. Nakayama, K. Takinami, and H. Yamada, . 
"Biotechnology of Amino Acid Prtxiaction, •» Progress i n rnrtiiWrHai 
Microbiology 24, Elsevier, 1986.) This is surprising given that the 
biochemically rel at ed essential amino acids lysine and threonine are both 
produced cost-effectively by fermentation methods using inexpensive raw 
materials such as molasses, starch bydrolysates, corn steep liquor, and soy 
hydrolysates. (See far example: P.L. Rogers, R.G. Cail, D.F. Midgley, and 
C. Fryer, "The Prospects far Iy-Lysine Production in Australia," Food 
Technology in Australians, pp. 514-518, 1986; and S. Furukawa, A. Ozaki, 
and T. Nakanishi, "Ir-Threcnine Production by L-Aspartate- and LrHcmoserine- 
resistant mutant of Escherichia coli ," Applied Microbioloav and « 
Biotechnoloov 29. pp. 550-553, 1988.) 

Various microbes have been used to produce L-lysine and D-threanine. These 
have been developed through classical methods of mutagenesis and selection 
as well as genetic engineering. (K. Aida, supra.) Greatest success has 
been r ealiz ed historically with the Oorvnebacteria and Brevibacteria f but it 
is also clear that other microbes such as Escherichia oolj are viable. 

There is a need for methods to reduce the metabolic cost and complexity of 
methionine biosynthesis, ideally making it similar to that far lysine or 
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threonine, sucii that an ecxaicmical fermentation production of methionine is 
possible* 

SCMMRRY OF THE INVENTION 

There are provided feasible fermentation methods for metMonine synthesis 
cxaiprising the use of reduced sulfur ccnpounds instead of sulfate as the 
fe rm e n tation sulfur source and/car ccnprising re-designing and thereby 
s iTnplif ying the biochemical pathway. Also provided are fermentation 
methods for homocysteine synthesis comprising the use of reduced sulfur 
ccopaunds instead of sulfate as the fermentation sulfur source and/or 
ccaaprising redesigning and thereby simplifying the biochemical pathway. In 
a preferred embodiment of the present invention the reduced sulfur source is 
hydrogen s u lf ide , methyl mercaptan or salts thereof. 

m another preferred embodiment of the present invention there are provided 
improved methods for such fermentation processes ocnaprising re-designing or 
modifying and thereby simplifying the biochemical pathway. 

KRTTre nre creranm of the drawings 

Figure la is the conmm biosynthetic pathway to lysine, Methionine and 
Itoeanine in re^^rfria coli. 

Figure lb is the Bireanine biosynthetic pathway in B5rhg*Hr*rm coli . 

Figure 1c is the lysine biosynthetic pathway in Tterfi^THnhi'a coli. 

Figure Id is the Methionine biosynthetic pathway in Esehi^i r*n* coli. 

Figure 2. Variations in the pathways for Methionine biosynthesis: (l) 
Transsulfurylation pathway; (2) Sulfhydrylation pathway; (3) 
Methylsulfhydrylation pathway. 

DHTATTiFr) DESCRIPTION OF THE I NViflfl'lOtt 

Die present invention r el a t es to methods for the fermentation synthesis of 
methionine and homocysteine. To understand why a cx>st-^effect±ve 
fermentation method for methionine synthesis does not exist, vfaereas such 
methods are available for lysine and threonine, it is instructive to 
consider in more detail the differences among the methionine, lysine, and 



2 



threonine biosynthetic pathways. All three amino acids are bioc hemically 
derived from the same intermediate metabolite, aspartic acid (Fig. l) . in 
fact, threonine and methionine also share additional biochemical s teps and 
the ccanmon intermediate homoserine. But the syntheses diverge substantially 
when their specific pathway branches are considered (Fig. 1) . These are 
compared in Table I (J.L. Ingraham, O. Maaloe, and F.C. Neidhardt, "Growth 
of the Bacterial Cell," pp. 122-135, Sinauer Assoc., inc., Sunderland, 
Mass., 1983.) The pathways present in K_ coli are chosen as a basis of 
comparison, recognizing however that there is diversity in these pathways 
among microbes and plants and that this caxparisan should in no way be 
interpreted as limiting the present invention to pathways using coli. 
(K.M. Herrmann and R.L. Somerville, Chapters 9-13 in "Amino Acids: 
Biosynthesis and Genetic Regulation, » Addison-Wesley Publishing Co. , 1983; 
W.B. Jakoby and O.W. Griffith, Section m.D. in M*i-nnrte i n Enzymology m f 
Aca d e m ic Press, New York, 1987.) 

Table T 

Biochemical Buildi ng Blocks Needed to Synthesize 
Lysine. Threonine, and Methionine 

Amino Acid Aspartate 

Lysine i 
Threonine 1 
Methionine 1 

It is evident from Table I that the biochemical energy requirements for 
methionine biosynthesis, in terms of adenosine triphosphate (ATP) and 
reduced nicotinamide adenine dinucleotide phosphate (NADPH) , are about 
three times higher than for lysine and threonine. This is due to the 
requirements of sulfate assimilation (J.L. Ingraham, supra .) A total of 
three moles of ATP and four moles of NADPH are required to biochemically 
reduce sulfate to sulfide. Two additional moles of ATP are required, one 
each to transport sulfate into the cell and to incorporate sulfide into 
cysteine. It is cysteine, finally, that serves as the sulfur donor in the 
biosynthesis of methionine (Fig. 1) . in addition, methionine biosynthesis 
uniquely requires the incorporation of a methyl group (Fig. l. Table I) . 
This is derived as 5- nethyl-tetrahydrofolate (CH3-THF) from the conversion 
of serine to glycine. Clearly considering the foregoing, the metabolic cost 



Pyruvate ATP NADPH 1-C S 

1 2 3 0 0 

0 2 2 0 0 

0 7 8 1 1 
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and cxxnplexity of synth e sizing methionine with sulfate as the sulfur source 
is much greater than that far lysine or threonine, 

Ohere is natural diversity among microbes and plants in the biosynthesis of 
methionine. This is represented schematically ty Figure 2 and can be 
summarized as follows (K.M. Herrmann, supra: w.B. Jakcfcy, supra : F.C. 
Neidhardt, Chapter 27 in Escherichia ooli and Saiwrerna tyr^iiTmTrium, 
American Society for Microbiology, Washington D.C., 1987; M. Dixon and B.C. 
Webb, "Enzymes," 3rd edition, Academic Press, Msw York, 1979; S. Yamagata, 
Biochimie 71 (1989) 1125-1143):. 

1) In the methionine biosynthetic pathways of all microbes, hcmoserine is 
first activated either by succinyl-CoA (E^ coli and tvphfauriumV or 
acetyl-GcA (fungi, yeast, and bacteria such as Brevibacterium and 
Bacillus) . These reactions are catalyzed by honoserine 
succiryltransf erase (EC 2.3.1.46) and hcmoserine acetyltransf erase (EC 
2.3.1.31), respectively. 

2) In the methionine biosynthetic pathway of plants, hcmoserine is 
activated fcy AEP in a reaction catalyzed by honoserine kinase (EC 
2.7*1.39) • Ihe h c m oserine kinase reaction also occurs in microbes, 
but the resulting (^phosphotonoserine is an intermediate in threonine, 
but not m e th i on ine, biosynthesis. Thus in plants O-phosphohcnmserine 
is the branchpoint between the methionine and threonine pathways, 
Xiihereas in microbes the branchpoint is hcmoserine. 

3) la the microbial transsulfurylation route to methionine, 
acylhcraoserine, in reactions catalyzed by O-succirylhcmoserine 
(thiol)-lyase (EC 4.2.99.9) and cystathionine 0-lyase (EC 4.4.1.8), 
accepts reduced sulfur from cysteine to give homocysteine, (O- 
Succinyl hnmoserine (thiol) -lyase is also known as cystathionine 7- 
synthase.) 

4) In the microbial sulfhydrylation route, hcmxysteine is produced 
directly from acylhcmoserine and sulfide by O-succdiylhcmoserine 
(thiol) -lyase or O^cetylhcanoserine (thiol) -lyase (EC 4.2.99.10) . O- 
ac^tylhcnoserine (thiol)-lyase is also known as homocysteine synthase 
and methionine synthase. 
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5) iri the microbial methylsulfhydrylation route, methionine is produced 
directly from acylhcmoserine and methyl mercaptan by O- 
sucx:iriyIhc!moserine (thiol) -lyase or O-acetylhomoserine (thiol) -lyase. 

6) The transsulfhydrylation and sulfhydrylation routes in plants are 
catalyzed by cystathionine 7-synthase. The plant enzyme cystathionine 
7 -synthase is distinct from EC 4.2.99.9 and is unique in using O- 
phosphohcstoserine as a substrate. 

7) Hbmoserine is a poor substrate of O-acstylhcmoserine (thiol) -lyase, 
except in the case of the enzyme from Sdiizosaccharomvces pombe (S. 
Yamagata, supra) . 

Die methionine biosynthetic enzymes above belong to the group of pyridaxal 
phosphate-containing enzymes. These are flexible catalysts known to carry 
out various elimination and replacement reactions. (C. Walsh, Chapter 24 in 
"Enzymatic Reaction Mechanisms," W.H. Freeman & Co., San Francisco (1979) . 
Another of this group, tryptophan synthase converts serine and sulfide. at a 
very high rate to cysteine (K. Ishiwata, T. Nakamura, M. Shimada, and N. 
MaJciguchi, "Enzymatic Production of L-Cysteine with Tryptophan Synthase of 
Escherichia coli." J. Fermenta tion and Bio Anc^rwactHrvT en. 169-172, 1989). 
This reaction is analogous with the reaction of homoserine and sulfide. 

The various reactions relating to sulfur incorporation and methionine 
biosynthesis have yet to be considered in the design of a viable 
fermentation method. The use of sulfide or methyl mercaptan instead of 
sulfate reduces the metabolic cost of methionine synthesis to the levels of 
lysine and 12jreonine. In the present invention two ATP and three NADPH are 
required since the active transport of sulfate, reduction of sulfate, and 
synthesis of cysteine are all eliminated. 

Use of sulfide or methyl mercaptan also reduces the metabolic complexity of 
methionine biosynthesis since the biosynthesis of cysteine and, in the case 
of methyl mercaptan, CH3-THF are eliminated. Further simplification is 
possible and may be desirable by adapting the plant biosynthetic pathway to 
microbes by methods known to those skilled in the art. since homoserine 
kinase is alrea dy present as an enzyme functioning in the microbial 
threonine pathway, this modification requires only introduction of plant 
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cystathionine 7-lyase activity. This could be *r^rwpijghgH by structurally 
modifying microbial O-acy] honoserine (thiol) -lyase or by expressing plant 
cystathionine y-lyase in the producing microbe. Alternatively, structural 
modifications could be made in these enzymes or other candidate pyridaxal 
phosphate enzymes such as tryptophan synthase in order to effectively use 
hcmoserine directly as a substrate in sulfur incorporation. Or the O- 
acetylhcmoserine (thiol) -lyase fran pqribe could be used without 
modification . 

While reduced forms of sulfur would be preferred to minimize the requirement 
for biochemical energy, other more oxidized forms of sulfur are also 
beneficial. As described above, an improvement through metabolic 
salification results whenever sulfide, rather than cysteine, is 
incorporated directly into hcmoserine or an activated derivative. Thus more 
oxidized forms such as sulfate, sulfite, and thiosulf ate may be provided as 
sulfur sources and biochemically reduced to sulfide. Sulfite and 
thiosulfate also diminish the need far biocijemical energy relative to 
sulfate since they are mare reduced fans, although the energy requirement 
is greater than for sulfide or methyl mercaptan. 

By reducing the cxnplexity of the methionine biosynthetic pathway, the 
engagement of microbial metabolism in methionine over-production is less 
extensive. Uiis reduces the number of genetic changes that must be 
introduced into the p ro ducin g microbe by classical or genetic engineering 
me t h o ds in order to de-regulate methionine biosynthesis and limits the 
disruption of microbial mRtabolinm, in general. As used herein, "de- 
regulate" means any effect on the self-regulation of the microbial 
metabolism for example, any effect on microbial self-regulation by feed-back 
inhibition or re p ression. Such de-regulation can be achieved throu^i 
methods known to those skilled in the art such as far example, classical 
mutagenesis and selection or genetic engineering. 

The net result is to transform the methionine biosynthetic pathway to one 
that compares favorably with those far lysine and threonine in terms of 
metabolic cost and ccnplexity. In this way, a feasible fermentation method 
of methionine production can be r ealiz ed. 
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EXPERIMENTAL 

Ihe f oUowing disclosure is intended to serve as a representation of 
embodiments herein, and should not be construed as limit ing the scope of 
this application. 

Example i 

Methionine Pro duction via Acylhcanoserine 
(Sulf^hyrtr yiation Route) 

coli, glutamicum, and B± flavum are de-regulated for honcserine over- 
production by classical or genetic engineering methods. Hie sulfhydrylation 
route to methionine is introduced into these microbes by transforming them 
with plasmid(s) encoding hcraoserine acetyltransferase, O-acetylhoraoserine 
(thiol) -lyase, and hcaoocysteine methylase. Ihe parent and transformed 
microbes are cultivated individually in a fermentation medium containing 
glucose, soy hydrolysate, and inorganic nutrients. The medium is 
supplemented either with sulfate or sulfide as a source of sulfur for 
methionine production. Table I indica t es the relative amount of methionine 
that is produced by each strain. 





Table I 




Microbe 




Methionine 


Sulfur Source 


Produced* 


E. coli parent 


sulfate 




E. coli parent 


sulfide 




EL coli transfonnant 


sulfate 


+ 


E. coli transformant 


sulfide 


4+ 


C. alutamicum parent 


sulfate 




C._ alutamicum parent 


sulfide 




C. alutamicum transfonnant 


sulfate 


+ 


C. alutamicum transformant 


sulfide 


++ 


B. flavum parent 


sulfate 




B. flavum parent 


sulfide 




*L_ flavum transformant 


sulfate 


+ 


B,_ flavum transformant 


sulfide 


++ 



* low (-) , medium (+), high (-H-) 
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Example 2 

Homowst-Pine Production via aryihonre^Tv* 

f.q. -n fhyrfrylafcion Pniiho) 

Die parent strains of Example 1 are deleted for homocysteine methylase activity, 
aha microbes are then transformed with, plasmid(s) e ncodin g homoserine 
acetyltransf erase and O-acx^lhcncserine (thiol) -lyase. One homocysteine 
methylase negative parent and transformed microbes are cultivated as in E xample 
1. Table H indicates the relative amount of homocysteine that is produced by 
each strain. 





Table. H 




Microbe* 


Sulfur Source 


Homocysteine 
Produced** 


E. coli parent 


sulfate 




E. coli parent 


sulfide 




E. coli transfdrmanfc 


sulfate 




E. ooli transfaraaant 


sulfide 


-H- 


crlutemicuni parent 


sulfate 




C crlutamicum parent 


sulfide 




C. CTititamicum trarerfTTrmarit 


sulfate 


+ 


C. alutamicum transforms!* 


sulfide 


++ 


B. flavum parent 


sulfate 




B. flavum parent 


sulfide 




B. flavum transfonnant 


sulfate 


+ 


B- flavum transformant 


sulfide 





*A11 strains lack homocysteine methylase activity 
**low (-), medium (+)/ high (++) 

Methionine Produc tion via flrylhnnre^WT^ 
fM^JTylgili^Yri ^iafcion Route! 

3he strains of Example 2 are cultivated as in Example 1 except that 
methylmercaptan is supplied as the supplemental sulfur source. Table ttt 
indicates the relative amount of methionine that is produced by each strain. 
Methionine production is indicative of a functioning methylsulfhydrylation 
pathway. 



8 



Table HI 



, Methionine 

Microbe* Produced* * 

E. ooli parent _ 
E. coli transf annant 

C. glutamicum p are nt _ 

C. gliitamicum transf anient ++ 

flavum parent _ 

flavum transf ormant 4+ 



*All strains lack homocysteine methylase activity 
**lcw (-), hi#i (++) 



Example 4 

Methionine Productio n via PhosiAcAcaiDseriiie 
( Sulfhvdrvlation Route) 

The parent strains of Example 1 are transformed with plasmid(s) encoding 

homoserine kinase, plant cystathionine 7-synthase and homocysteine methylase. 

The parent and transformed microbes are cultivated as in Exanple 1. Treble IV 

indicates the relative amount of methionine that is produced by each strain. 





Fable IV 




Microbe 




Methionine 


Sulfur Source 


Produced* 


IL coli parent 


sulfate 




*L coli parent 


sulfide 




E. coli transf ormant 


sulfate 


+ 


coli transf ormant 


sulfide 


++ 


C. alutamicum parent 


sulfate 




C. glutaitricuni parent 


sulfide 




C. alutamicum transf ormanh 


sulfate 


+ 


_C. alutamicum transformant 


sulfide 




B. flavum parent 


sulfate 




B. flavum parent 


sulfide 




B. flavum transfarmant 


sulfate 


+ 


B. flavum transfarmant 


sulfide 


++ 



* lew (-) , medium (+) , high (++) 
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Example 5 

Msthionim Production via PhnsiAgAiamsgrir^ 
fMsfrhyl gill f=h Y r>rvla'biOTl Route) 

Ohe deleted parent strains of Example 2 are transf canned with plasmid(s) encoding 
hcanoseriiie kinase and plant cystathionine 7-synthase. The parent and transformed 
microbes are cultivated as in Exanple 3. Table V indicates the relative amount 
of methionine that is produced by each strain. 



Microbe* 

E. coli parent 

E. coli transf armant 

C, glxitamicuni parent 

alutamicum transf armant 
B. flavum parent 
B. flavum. transf armant 



*A11 strains lack hanocysteine methy lase activity and were 
supplied with methylmereaptan 

**lcw (-}, hi#i (+f) 

Example 6 

Methionine Production via Homoserine 
f Sn1 fhvrtrvl ation Routed 

Die parent strains of Example 1 are deleted for their hcrooserine 

acyltransf erase activity, Hie micro b es are then transformed with 

plasmid(s) encoding O-acetylhonoserine (thiol) -lyase frcm S» poribe and 

hanocysteine mefchylase. The parent and transf armed microbes are 

cultivated as in Exanple !• Table VI indicates the relative amount of 

methionine that is produced by each strain. 



Table V 



Methionine 
Produced** 
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Table VI 




Microbe* 


Sulfur Source 


Methionine 
Produced** 


E, ooli parent 


sulfate 


- 


ooli parent 


sulfide 


- 


E. ooli transfarmant 


sulfate 


+ 


JL_ coli transf ormant 


sulfide 


++ 


C. alutamicum parent 


sulfate 


- 


C. alutamicum parent 


sulfide 


- 


C. alutamicum transfarmant 


sulfate 


+ 


C. alutamicum transfarmant 


sulfide 


++ 


B. flavum parent 


sulfate 


- 


flavum parent 


sulfide 


- 


B. flavum transfarmant 


sulfate 




JL_ flavum transfarmant 


sulfide 


++ 



*A11 strains lack hom oserine acyltransf erase activity 
**low (-), medium (+), high (++) 

. Example 7 

Methionine PrrrinriMn n via Hbmrre>T-i™> 
ntet^lail ^ivdrviation Routed 

One deleted parent strains of Example 6 are transformed with a plasmid 
encoding O-acetylhanoserine (thiol) -lyase from pombe . ihe parent 
and transformed microbes are cultivated as in Example 3. Table VII 
indicates the relative amount of methionine that is produced by each 
strain. 

Table vn 

Jk coli parent 

JL ooli transfarmant 

alutamicum parent 

alutamicum transfarmant 
B. flavum parent 

fii. flavum transfarmant + . 



*A11 strains lack hcmoserine acyltransf erase activity 
**lcw (-), high (++) 



11 



WHBT IS CLAIMED IS : 

1- A method for enhancing meUiionine production in a fermentation process of a 
microbial cell by modifying the methionine biosynthetic pathway of said cell 
comprising the steps of: 

i. transf ormin g or tra n s duc ing a hcm>serine-activating enzyme gene 
fragment capable of expressing said honoserine-ac^vating enzyme and a 
sulfur-inoaiparatdng enzyme gene fragment capable of expressing said sulfur 
enzyme into said cell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzymes are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur compound other than cysteine or methionine 
to said transformed or transduced cell as the sulfur source for methionine 
production* 

2. The method of claim 26 wherein said exogenous sulfur compound is a reduced 
sulfur ccrapound consisting of h ydr ogen sulfide, methyl m er c apta n or a salt 
thereof. 

3. The Trrethod of claim 26 wherein said exogenous sulfur ccsnpound is an oxidized 
sulfur compound consisting of sulfate, sulfite or thiosulfate. 

4. Die method of claim 27 cr 28 wherein said homoseriner-activating enzyne is 
selected front the group consisting, of hamoserine kinase, hcanoserine 
acetyltransferase and homoserine succdnyltransf erase. 

5. Ihe method of claim 27 cr 28 vtoerein said sulfur-inc»rparating enzyme is 
selected from the group consisting of O-^uccii^lliamoserine (thiol) -lyase, O 
ac^tylhomoserine (thiol) -lyase and plant cystathionine gamma synthase* 

6. The method of claim 27 wherein said sulfur^incorporating enzyme converts 
hcmoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 

7. The method of clam 27 wherein said sulfur-incxa^rating enzyme converts 
homoserine and said methyl mercaptan or a salt thereof directly to methionine. 
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8. Die method of claim 28 wherein said sulfur-iricx>rporating enzyme converts 
homoserine directly to homocysteine. 

9. A method for enhancing homocysteine production in a fermentation process of 
a microbial cell by modifying the methionine biosynthetic pathway of said cell 
comprising the steps of: 

i. transforming or tra n s duc i n g a hcraoserine-acUvating enzyme gene 
fragment capable of exp r essing any said hcrooserine-ac^vating enzyme but 
not including homocysteine methylase, and a sulfur-incxarparating enzyme 
gene fragment capable of expressing said sulfur enzyme into said cell; 

ii. growing said cell under such conditions that transformation or 
transd u ction of both gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur compound other than methionine or cysteine 
to the said transformed or transduced cell as the sulfur source far 
homocysteine production. 

10. Hie method of claim 34 therein said exogenous sulfur cxarpound is a reduced 
sulfur compound consisting of hydrogen sulfide, or a salt thereof. 

11. The method of claim 34 whe r ein said exogenous sulfur compound is an oxidized 
sulfur compound ccaisisting of sulfate, sulfite or thiosulfate. 

12. The method of claim 35* or 36 wherein said honoserine-ac^ivating enzyme is 
selected from the group cxansisting of homoserine kinase, homoserine 
acetyltransferase and homoserine succinyltransf erase. 

13. The method of claim 35 or 36 vtaerein said sulfur-irKXsrporatLng enzyme is 
selected from the group consisting of O-succdnylhoraoserine (thiol) -lyase, O 
acetylhcBoaoserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. The method of claim 35 wherein said sulfur-incorporating enzyme converts 
homoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 

15 • Hie method of claim 36 wherein said sulfur-inccrpc^ting enzyme converts 
homoserine directly to homocysteine. 
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16. She method of claim 26 or 34 Wherein said transformed or transduced cell 
produces an amino acid that is greater than said amino acid of a non-transf anaed 
car transduced cell* 

17. Die method of claim 26 or 34 herein said transformed or transduced cell is 
selected frcm the group consisting of Cbrynehacteria, Brevibacteria or 
Escherichia coll. 
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AMENDED CLAIMS 

[received by the International Bureau on 3 August 1993 { 03. 08 .93); 
original claims 2-8, 10 and 17 amended; other claims unchanged (3 pages)] 

1. A method for enhancing methionine production in a fermentation p™^^ Q f a 
microbial cell by modifying the methionine bios y nthetic pathway of said cell 
ccapi ising the steeps of: 

i. transforming or transducing a hcmoserine-activating enzyme gene 
fragment capable of expressing said honoserine-actdvating enzyme and a 
sulfur-inoarporating enzyme gene fragment capable of expressing said sulf ur 
enzyme into said cell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzymes are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur ocrrpound other than cysteine or methionine 
to said transformed or transduced cell as the sulfur source for inethionine 
production* 

2. The method of claim 1 wherein said exogenous sulfur ccarpound is a reduced 
sulfur oorrpound consisting of hydrogen sulfide, nethyl mercaptan or a salt 
thereof. 

3. The method of claim 1 wherein said exogenous sulfur ccnpou nd is an oxidized 
sulfur a cpound consisting of sulfate, sulfite or thiosulfate. 

4. The method of claim 2 or 3 wherein said hoioserine-acfcivating enzyme is 
selected from the group consisting of hanoserine kinase, hanoserine 
acetyltransf erase aid hanoserine suocinyltransf erase. 

5. The method of claim 2 or 3 wherein said sulfur-incorporating enzyme is 
selected from the group consisting of O-succinylhomoserine (thiol) -lyase, O 
aoety]Jianoserine (thiol) -lyase and plant cystathionine gamma synthase. 

6. The method of claim 2 wherein said sulfur-incorporating enzyme converts 
hanoserine and said hydrogen, sulfide or a salt thereof directly to homocysteine. 

7. The method of claim 2 wherein said sulfur-incorporating enzyme c onverts 
hanoserine and said methyl mercaptan or a salt thereof directly to methionine. 
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8. The method of claim 3 wherein said sulfur-incorporating enzyme converts 
hcmoserine directly to homoc y steine. 

9. A method for enhancing homocysteine production in a fermentation pro sess of 
a microbial cell ty modifying the methionine biosynthetic pathway of said cell 
ocqprising the steps of: 

i. transforming or transducing a honoserine-activating enzyme gene 
fragment capable of expressing any said homserine-activating enzyme but 
not including homocysteine methylase, and a sulfur^incxrporating enzyme 
gene fragment capable of expressing said sulfur enzyme into f=^i d cell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur ocnpound other than methionine or cysteine 
to the said transformed or transduced cell as the sulfur source for 
hcnocysteine production. 

10. The method of claim 9 wherein said exogenous sulfur caipound is a reduced 
sulfur occpcund consisting of h ydroge n sulfide, or a salt thereof. 

11. The method of claim 9 wherein said exogenous sulfur carpourri is an oxidized 
sulfur caqpcund consisting of sulfate, sulfite or thicsulfate. 

12. The method of claim 10 or 11 wherein said hoooserine-activating enzyme is 
selected from the group consisting of hcmoserine kinase, hcnoserine 
acetyltransf erase and hcmoserine succiiyltransferase. 

13. The method of claim 10 or 11 wherein said sulfur^incarporating enzyme is 
selected from the gnxp consisting of O-suociiylhcnoserine Cthiol) -lyase, O- 
acetylhcmoserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. The method of claim 10 wherein said sulfur^inoorporating enzyme converts 
hcmoserine and said hydrogen sulfide or a salt thereof directly to hanocysteine. 

15. The method of claim 11 wherein said sulfur-incorporating enzyme converts 
hcmoserine directly to homoc y s te ine. 
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16. Ohe method of claim 1 or 9 wherein said transformed or transduced cell 
produces an amino acid that is greater than said amino acid of a non-transformed 
or transduced cell. 

17. Ohe method of claim 1 or 9 wherein said transformed or transduced cell is 
selected from the group consisting of Oarynehacteria, BreviJbacteria or 
Escherichia coll. 
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